Retrieval practice is an efficient method of enhancing the retention of anatomy and physiology information. Adv Physiol Educ 37: 184 -191, 2013; doi:10.1152/advan.00174.2012.-Although a great deal of empirical evidence has indicated that retrieval practice is an effective means of promoting learning and memory, very few studies have investigated the strategy in the context of an actual class. The primary purpose of this study was to determine if a series of very brief retrieval quizzes could significantly improve the retention of previously tested information throughout an anatomy and physiology course. A second purpose was to determine if there were any significant differences between expanding and uniform patterns of retrieval that followed a standardized initial retrieval delay. Anatomy and physiology students were assigned to either a control group or groups that were repeatedly prompted to retrieve a subset of previously tested course information via a series of quizzes that were administered on either an expanding or a uniform schedule. Each retrieval group completed a total of 10 retrieval quizzes, and the series of quizzes required (only) a total of 2 h to complete. Final retention of the exam subset material was assessed during the last week of the semester. There were no significant differences between the expanding and uniform retrieval groups, but both retained an average of 41% more of the subset material than did the control group (ANOVA, F ϭ 129.8, P ϭ 0.00, p 2 ϭ 0.36). In conclusion, retrieval practice is a highly efficient and effective strategy for enhancing the retention of anatomy and physiology material. retrieval practice; retention; anatomy and physiology ONE OF THE MOST DIFFICULT CHALLENGES faced by many instructors, including those that teach anatomy and physiology (A&P) courses, is how to help students learn and then retain a very large volume of complex information. By extension, it is surprising that there are at least some practical learning strategies with robust empirical support that are rarely actively used in many educational settings. One particularly representative example is with the strategy of retrieval practice, which requires learners to recall information rather than simply reread or relisten to it. A review of the pertinent scientific literature reveals that the benefits of retrieval practice have been known for at least 100 yr (10), and they have been demonstrated with groups of students as diverse as those ranging from sixth graders (25) to college students (9) to medical residents (15). Despite the fact that nearly all of the many studies of retrieval practice have shown that it enhances learning and memory more than more traditional studying techniques (for reviews, see Refs. 21 and 22), the strategy continues to be underused in the classroom. Part of this discrepancy may be due to the fact that the majority of studies of retrieval practice were indeed conducted outside of a classroom setting. Nevertheless, at least four studies have been performed within the context of an actual class and/or with material that was relevant to a course, and all four studies found a benefit with retrieval practice. Those studies found that the incorporation of retrieval-inducing quizzes resulted in better exam performance in a sixth-grade social studies class (21), an eighth-grade science class (19), a college psychology course (20), and a college statistics course (17). It may be particularly compelling that all of those students experienced improvements in very long-term retention (e.g., weeks to months), despite the fact that they were prompted to retrieve each piece of information either via only one quiz (17, 20) or via multiple quizzes that were mostly massed over a relatively short period of time (19, 21) . Indeed, Roedigger et al. (21) specifically called for future pertinent research to use retrieval events that are spaced out over longer periods of time (e.g., the entire academic period) because they postulated that such a strategy would likely provide even more substantial improvements to performance in the classroom.
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Any study that does investigate the effect of multiple spaced retrieval events on learning and memory must also consider the potential impact of the particular pattern of spacing between those events. One of the most investigated, yet consistently controversial, aspects of retrieval practice is whether there is an advantage to using expanding or uniformly spaced schedules of retrieval. Comparisons between the two schedules date back to at least 1928 (24) , but the issue really took shape in 1978 when Landauer and Bjork (14) demonstrated that expanding schedules of retrieval facilitated greater retention than did either uniform or massed schedules. Although those findings were later confirmed by three studies (6, 18, 23) , six other studies either found no advantage with expanding retrieval practice (2, 4, 11, 13, 16) or found an advantage with uniform practice (12) . It is very important to note, however, that all 10 studies listed immediately above used retrieval events that were massed within a single learning session (e.g., over Ͻ24 h). Yet, a single learning session is generally not adequate to facilitate long-term retention; therefore, in most real world contexts, learners often reexamine the same material over multiple learning sessions.
To the best of the author's knowledge, only three published studies have compared expanding and uniform practices using retrieval events that were spread out over the course of multiple learning sessions (i.e., days). The first two studies were similar in numerous ways, including that both used retrieval quizzes that were spaced out over the course of ϳ1 wk, and yet they generated contradictory results. Cull (5) studied the recall of verbal items and found no benefit and, in some cases, weaker retention after expanding versus uniform schedules of retrieval. In contrast, another study (7), conducted by the author, found that expanding schedules promoted superior retention of phys-iology information. One of the few clear distinctions that was identified as a possible explanation for the conflicting results between those two studies was in the length of the delays that preceded their initial retrieval quizzes. Indeed, Karpicke and Roediger (11, 13) recently proposed that the length of the initial retrieval delay is not only a major determinant of the success of retrieval practice but that it is also the only significant variable that distinguishes expanding and uniform schedules of spacing. The fact that the delays preceding the initial retrieval quizzes in the study by Cull (5) were twice as great as those used in the study by the author (7) may help explain the contradiction in their findings. Subsequently, and to better elucidate the importance of the initial retrieval delay, the author compared expanding and uniform schedules both with and without a standardized initial delay. According to the results of that third investigation (8) , retention after 1 mo of those mixed strategies did indeed depend more on the length of the initial retrieval delay, but there was also some evidence of an advantage to using expanding schedules even with a standardized initial delay.
To summarize some of the key findings discussed above, several studies have shown that retrieval practice can be used to increase performance in the classroom, and there is some evidence that expanding schedules of spacing are ideal. It is important to point out that no published studies have used repeated retrieval quizzes that were widely spaced throughout an entire course to investigate either the benefit to learning of actual class content or differences between expanding and uniform schedules of spacing. Nevertheless, a great deal of empirical evidence (9, 10, 15, 17, 19, 20, 21, 22, 25) has clearly indicated that retrieval events such as quizzes and tests provide a powerful means of enhancing learning and memory.
The specific motivation underlying the present investigation was to find and evaluate a means of reinforcing previously tested course material in a manner that neither interfered with the learning of new material nor required the use of any additional class time. The author taught an A&P course in which 20% of the class meetings were allocated to assessing course material (e.g., testing) and nearly every moment of the remaining 80% of class time was needed to present and adequately discuss the very large volume of complex course content. It was therefore important that the components of the retention-enhancing strategy occur outside of class and that they be as efficient as possible so that students still had plenty of time to prepare for future course exams. Accordingly, the author used ϳ20% of the most representative questions/material covered by each course exam to create a series of brief retrieval quizzes, which was then automatically administered using the university's course management system. What follows is a description of the specific methods, results, and conclusions drawn from those experiences.
The primary purpose of this study was to determine if a series of very brief and widely spaced retrieval quizzes could significantly enhance the retention of previously tested information in a college A&P course. The secondary purpose of was to build on the author's previous pertinent study (8) by extending the length of the comparison between expanding and uniform schedules of retrieval that followed a standardized initial retrieval delay.
METHODS
Participants. All experimental procedures were approved by the university's Institutional Review Board. Participants were recruited from A&P I courses at Georgia Southern University. The typical A&P I student was either a second-or third-year student and was completing an allied health or similar major (e.g., prenursing, exercise science, prephysical therapy, premedicine, etc.).
Procedures. Students completed a total of five lecture exams throughout the A&P I course, and exams were evenly spaced such that each occurred 3 academic weeks after the last. The topics addressed on each course exam are shown in Table 1 . Each course exam consisted of 50 multiple choice and true/false questions that pertained to the material covered since the previous exam (i.e., none of the exams were cumulative). In terms of the experimental procedure, a subset of 10 questions was taken from each of the first 4 course exams and used to make a final retention test (posttest) that all participants completed during the last week of the course. Course exams 1, 2, 3, and 4 occurred 12, 9, 5, and 2 wk before the posttest, respectively, and so the subsets of questions taken from exams 1, 2, 3, and 4 are abbreviated E1 12 wk , E2 9 wk , E3 5 wk , and E4 2 wk , respectively. Also, for purposes of the analysis, the sum of the E1 12 wk , E2 9 wk , E3 5 wk , and E4 2 wk subset scores is abbreviated as E Total .
Study participants were recruited from two different sections of the A&P I course, and each section of participants was assigned to a different experimental group. One section of A&P I participants completed a series of pertinent retrieval assessments before completing the posttest (retrieval group), whereas the second section completed no retrieval assessments before completing the posttest (control group). It is important to emphasize that the information covered, the course materials (e.g., lecture slides and class notes), and the exam questions used in both A&P I sections were identical. That is, the only experimental difference between the retrieval and control groups was the presence or absence of the retrieval assessments, respectively.
Immediately after those in the retrieval group completed their first lecture exam, they were matched 1) according to their performance on the 10 E1 12 wk questions and 2) according to their overall performance on that exam. Matched students were then randomly assigned to complete a series of additional retrieval assessments after either an expanding (expanding group) or uniform (uniform group) schedule of delays. The purpose of the retrieval assessments was to prompt those in the expanding and uniform retrieval groups to repeatedly recall the , E2 9 wk , E3 5 wk , and E4 2 wk subset questions. A small amount of course credit was assigned to the retrieval assessments (each was 0.7% of the total course score) to encourage students to complete them. Each retrieval assessment consisted of 10 multiple-choice questions, one corresponding to each question from a specific exam subset. As with a similar previous study (20) , the wording of each question was varied between the exams and retrieval assessments (Table 2) in an attempt to promote the retention of complex facts rather than simply promoting the retention of particular answer choices. Furthermore, expanding and uniform group members were instructed not to use any resources (e.g., course notes, textbooks, the internet, etc.) when answering the retrieval assessment questions, and they received no feedback about either the correct answers to those questions or their overall performance on any of the assessments.
All those in the expanding and uniform groups were required to complete a total 10 retrieval assessments: 4 assessments pertained to E1 12 wk subset questions (E1 12 wk AS-1, AS-2, AS-3, and AS-4), 3 assessments pertained to E2 9 wk subset questions (E2 9 wk AS-1, AS-2, and AS-3), 2 assessments pertained to E3 5 wk subset questions (E3 5 wk AS-1 and AS-2), and 1 assessment pertained to E4 2 wk questions (E4 2 wk AS). All 10 retrieval assessments were administered by the university's course management system, and each was programmed to become available on a specific date and then close exactly 48 h later, that is, students had to complete each assessment within the exact assigned 48-h window or they were not able to complete it. The first retrieval assessment within each of the four subsets of assessments (i.e., E1 12 wk AS-1, E2 9 wk AS-1, E3 5 wk AS-1, and E4 2 wk AS) had to be completed within 5-7 days after the corresponding course exam had been administered. The precise administration dates of all of the other retrieval assessments depended on whether the student was assigned to the expanding group or uniform group. Those assigned to the uniform group had a uniform series of delays (e.g., 3 wk) between the retrieval assessments within each of the four exam subsets, whereas those in the expanding group had an expanding series of delays (e.g., 1, 2, and 3 wk) between the retrieval assessments within each of the four exam subsets. The complete schedule of all of the exams and retrieval assessments used in the investigation is shown in Table 3 .
All study participants completed the posttest during the final Monday class meeting of the semester. The posttest consisted of 40 multiple choice questions that were identical to E1 12 wk , E2 9 wk , E3 5 wk , and E4 2 wk subset questions, but they will be identified as PT1 12 wk , PT2 9 wk , PT3 5 wk , and PT4 2 wk questions, respectively, for the analysis. It is important to point out that none of the participants had any prior knowledge of what was on the posttest, nor did they even know they were going to complete an exam during that class meeting. Instead, students were simply told that they were required to attend class and complete an activity during that particular course meeting. Once students returned their completed posttest, they were informed that they would receive full credit for the assignment (1.5% of the final course points) if they had simply answered every question to the best of their memory.
To summarize a few of the key elements that were described above, all students assigned to the control, expanding, and uniform groups completed the exact same course, including identical course exams and the posttest. Although students had the opportunity to receive specific feedback about their responses to the exam questions, which, in turn, might have given them some advantage on the posttest, almost no students actually chose to review their exams and receive that feedback. Furthermore, none of the course exams were cumulative, Note: those assessment questions that allowed students to select multiple answers were scored by subtracting the sum of the points lost for all incorrect responses from the sum of the points gained for all correct responses. All course exams and posttests were administered on the Monday class meeting of the indicated week. All retrieval assessments opened at 8:00 AM the Saturday before and closed at 8:00 AM the Monday of the indicated week. Break indicates the break week, during which time there were no class meetings. students in the retrieval groups had no prior knowledge that some of the assessment questions would be repeated on subsequent assessments, and none of the students knew in advance that they would be completing the posttest. Therefore, no students had any specific reason to either copy assessment questions or to restudy previously evaluated course material before the posttest. Since the retrieval assessments were conducted over the internet and while unsupervised, one last measure was included to safeguard against using data from any participant that failed to correctly follow the required procedures. After the posttest had been administered, every student was asked if he or she had consulted any additional resources (e.g., course notes, textbook, fellow students, the internet, etc.) when answering any of the retrieval assessment questions (if applicable) or any of the posttest questions. Those in the retrieval groups were also asked if they had copied questions from any of the assessments and then used that information to help them complete subsequent assessments in which those questions were repeated. To encourage honest responses, students were assured that there would be no penalty if they answered "yes" to any of those questions. However, those that did answer "yes" to any were excluded from the study. More specifically, only those students that 1) agreed to participate in the investigation, 2) completed all their experimental assignments on time, 3) indicated they hadn't used any unauthorized aid when completing those assignments, and 4) indicated they hadn't recorded questions from the assessments were included in the analysis. Consequently, the only experimental difference between the retrieval and control group participants was the presence or absence of the retrieval assessments, respectively, and the only difference between the expanding and uniform retrieval group participants was the timing of those assessments.
Data analysis. Statistical differences in the experimental variables were made using three sets of ANOVAs. The relationship between the experimental groups and all exam scores was determined using 3 (control vs. expanding vs. uniform groups) ϫ 13 (exam 1, E1 12 wk , exam 2, E2 9 wk , exam 3, E3 5 wk , exam 4, E4 2 wk , posttest, PT1 12 wk , PT2 9 wk , PT3 5 wk , and PT4 2 wk scores) ANOVA. The relationship between retrieval condition and retrieval assessment scores was determined using 2 (expanding vs. uniform groups) ϫ 10 (4 ϫ E1 12 wk , 3 ϫ E2 9 wk , 2 ϫ E3 5 wk , and 1 ϫ E4 2 wk assessment scores) repeated-measures ANOVA. The relationship between the experimental groups and the change in exam subset scores from the course exams to the posttest (i.e., the amount of forgetting that occurred) was determined using 3 (control vs. expanding vs. uniform groups) ϫ 5 (E1-PT1 12 wk , E2-PT2 9 wk , E3-PT3 5 wk , E4-PT4 2 wk , and E total -PT total scores) ANOVA. Statistical significance was set at P Ͻ 0.05. Data are expressed as mean percentages Ϯ SE.
RESULTS
A total of 299 students were enrolled in the two A&P I course sections used in the investigation. Of those students, 143 students (95%) from the control group section and 91 students (61%) from the retrieval group section correctly completed all assigned phases of the investigation, as described above, and were therefore included in the analysis. Of the participants in the retrieval group, 46 students were in the expanding group and 45 students were in the uniform group.
Course exams and exam subsets. There were no significant differences between the control, expanding, and uniform groups on any of the four course exams used in the study (F ϭ 0.73, P ϭ 0.48; F ϭ 0.87, P ϭ 0.42; F ϭ 1.23, P ϭ 0.29; and F ϭ 0.17, P ϭ 0.843, for exams 1-4, respectively). More importantly, there were no significant differences between the three experimental groups on any the four exam subset scores (F ϭ 0.28, P ϭ 0.76; F ϭ 0.03, P ϭ 0.97; F ϭ 0.98, P ϭ 0.38; and F ϭ 1.25, P ϭ 0.29, for E1 12 wk , E2 9 wk , E3 5 wk , and E4 2 wk , respectively). All course exam and exam subset scores are shown in Table 4 .
Retrieval assessments. The mean amount of time required to complete each of the retrieval assessments was 12.3 min for those in the expanding group and 12.1 min for those in the uniform group. Therefore, both groups needed (only) a total of ϳ120 min to complete all 10 assessments. Repeated-measures ANOVA indicated there was a significant within-subjects effect across the assessments (F ϭ 12.14, P ϭ 0.00), but there was no significant interaction between the expanding and uniform groups (F ϭ 0.63, P ϭ 0.77). The retrieval assessment scores are shown in Table 5 .
Posttest and posttest subsets. Group posttest results are shown in Table 6 . In terms of the comparisons between the expanding and uniform groups, their PT1 12 wk , PT2 9 wk , PT3 5 wk , PT4 2 wk , posttest, E1-PT1 12 wk , E2-PT2 9 wk , and E3-PT3 5 wk scores were all statistically identical (P ϭ 1.00), and there were also no statistical differences between their E4-PT4 2 wk and E total -PT total scores (P ϭ 0.07 and 0.18, respectively). Therefore, the expanding and uniform group results were collapsed into a single set of retrieval group results for the remainder of the analysis. The results indicate that the retrieval group significantly outscored the control group on all five components of the posttest (PT1 12 wk : F ϭ 116.0, P ϭ 0.00; PT2 9 wk : F ϭ 67.05, P ϭ 0.00; PT3 5 wk : F ϭ 56.92, P ϭ 0.00; PT4 2 wk : F ϭ 43.43, P ϭ 0.00; and posttest: F ϭ 129.8, P ϭ 0.00). The corresponding effect sizes were all quite large ( p 2 ϭ 0.33, 0.22, 0.20, and 0.16 for PT1 12 wk , PT2 9 wk , PT3 5 wk , and PT4 2 wk All values are means Ϯ SE (in %); n ϭ 143 students in the control group, 46 students in the expanding group, and 45 students in the uniform group. There were no significant differences in any of the exam scores or exam subset scores between the groups. All scores are means Ϯ SE (in %); n ϭ 46 students in the expanding group and 45 students in the uniform group. Repeated-measures ANOVA indicated there was no significant interaction between the two groups over the course of the assessments (F ϭ 0.63, P ϭ 0.772).
comparisons, respectively), including a p 2 value of 0.36 for the total posttest score comparison. Mean control and retrieval group posttest scores are shown in Fig. 1 .
The contrasts between the retrieval and control groups were even more meaningful when viewed as the amount of forgetting that occurred (i.e., the difference) between the course exam and posttest subsets (Fig. 2) . All five comparisons indicated that the control group forgot a significantly greater amount of material between the course exams and posttest (E1-PT1 12 wk : F ϭ 114.6, P ϭ 0.00; E2-PT2 9 wk : F ϭ 52.08, P ϭ 0.00; E3-PT3 5 wk : F ϭ 88.89, P ϭ 0.00; E4-PT4 2 wk : F ϭ 46.55, P ϭ 0.00; and E total -PT total : F ϭ 534.2, P ϭ 0.00). Once again, the pertinent effect sizes were all rather large ( p 2 ϭ 0.33, 0.18, 0.28, and 0.17 for E1-PT1 12 wk , E2-PT2 9 wk , E3-PT3 5 wk , and E4-PT4 2 wk comparisons, respectively), including a markedly high p 2 value of 0.70 for the total difference (i.e., E total -PT total ) comparison.
DISCUSSION
The main purpose of this study was to determine if a series of very brief retrieval quizzes could significantly enhance the retention of previously tested material throughout an entire college A&P class. This study also sought to compare expanding and uniform schedules of spacing that followed the same initial retrieval delay. The results indicated that the expanding and uniform protocols both required no more than a total of 2 h to complete, neither interfered with the learning of new course material, and both promoted statistically identical retention of course material. However, both retrieval protocols prompted an average of 40% better retention of the roughly one-fifth of the concepts that had been previously tested throughout the semester. Therefore, the major conclusion of the study was that retrieval quizzes provided a practical and highly effective means of improving the retention of A&P course material. This investigation is one of only a few that have examined retrieval practice using actual course content, and it is the only such study to have used retrieval events that were all widely spaced throughout an entire academic period. It is therefore not surprising that the benefits of retrieval practice to retention of course content found in this study were more substantial than those found in any similar previous investigation.
This investigation joins a long list of studies that have demonstrated that retrieval practice is a powerful means of increasing learning and memory (21, 22) . Despite its robust empirical support, however, retrieval practice is typically not actively incorporated into many formal educational settings (22) . The disconnect between the compelling experimental research findings and real-world utilization of the strategy may, in part, be explained by the relative dearth of studies that have examined retrieval practice using actual course content. That said, investigators have begun to fill the gap, and, over the last few years, at least four pertinent studies have demonstrated meaningful benefits with retrieval practice in the context of a class. Two of those studies found that intermittent retrieval prompted via quizzing increased performance on summative exams by as much as 10 -24% (20) and 8 -13% (17) in college psychology courses. The results of those two studies also emphasize the practicality and efficiency of retrieval practice because each quiz they used was short (e.g., 5-10 min), and only one quiz was used for each piece of experimental information, and yet the retention benefits remained for at least several weeks.
In contrast to the two similar studies mentioned immediately above, both McDaniel et al. (19) and Roedigger et al. (21), along with the present investigation, prompted the retrieval of each experimental concept not just once but on multiple occasions (i.e., using multiple quizzes). The studies by McDaniel et All values are means Ϯ SE (in %); n ϭ 143 students in the control group, 46 students in the expanding group, and 45 students in the uniform group. There were no significant differences between the expanding and uniform groups, but both significantly outscored the control group on all four subsets and the posttest total (ANOVA; PT1 12 wk : F ϭ 57.76, P ϭ 0.00; PT2 9 wk : F ϭ 33.55, P ϭ 0.00; PT3 5 wk : F ϭ 28.41, P ϭ 0.00; PT4 2 wk : F ϭ 21.93, P ϭ 0.00; and posttest: F ϭ 64.92, P ϭ 0.00). There were no significant differences between the control and retrieval groups on any of the five pretest scores. The retrieval group significantly outscored the control group on all five scores associated with the posttest (ANOVA; PT1 12 wk : F ϭ 116.00, P ϭ 0.00; PT2 9 wk : F ϭ 67.05, P ϭ 0.00; PT3 5 wk : F ϭ 56.92, P ϭ 0.00; PT4 2 wk : F ϭ 43.43, P ϭ 0.00; and posttest: F ϭ 129.83, P ϭ 0.00).
al. and Roedigger et al. both used sets of three quizzes that were scheduled immediately before a lesson, immediately after the lesson, and again a day or two before an exam to prompt retrieval of actual course content in middle school classes. Roedigger et al. (21) studied sixth-grade social studies students and found that retrieval quizzes increased performance by as much as 16 -18% on multiple-choice exams that were administered ϳ2 wk (chapter exams) and 2 mo (end-of-semester exams) after learning had occurred. The study by McDaniel et al. (19) was even more similar to the present investigation in that it focused on science information, including multiple units on anatomy, and it examined learning over a period of more than a couple of months. Once again, the use of retrieval quizzes significantly increased performance on summative multiple-choice exams by as much as 16% on unit tests (occurring ϳ20 days after learning) and as much as 10 -19% on end-of-semester and end-of-year tests (occurring ϳ3 and 5-8 mo after learning, respectively).
To summarize the four studies mentioned above, the use of retrieval practice has consistently been shown to improve performance on class exams, often by as much as 10 -20% compared with controls. The unique approach to the present study was to see how effectively retrieval practice could be used to enhance the retention of not just previously taught but also previously tested course information. That difference in approach may help to explain why the retention benefits reported herein (35-60%) were several times greater than any previously reported by a class-based study. A second, perhaps even more significant, explanation for the unusually large benefits of retrieval practice found in this investigation was that it was the first class-based study to use widely spaced retrieval quizzes. According to the spacing effect, which is among the most robust findings in educational psychology research (1, 2, 4 -6, 11-13, 18, 23) , the greater the amount of spacing between retrieval events, the greater the potential benefit to retention. The studies by McDaniel et al. (19) and Roedigger et al. (21) both massed their first two quizzes and then spaced only the third quiz (e.g., a couple of weeks later) within each retrieval set, whereas the average spacing between all quizzes within each set in this investigation was 3 wk.
Another distinguishing characteristic, and likely the most important limitation, of the present study was that the multiplechoice questions used on the retrieval quizzes (only) covered 20% of the material from the course exams and they were very similar to questions taken from the experimental exams. Since the retrieval quizzes involved the same information and presented/assessed it in almost the same manner as the course exams and final retention test, it could certainly be argued that the retrieval practice simply "taught to the test." However, the wording of each question was varied between the retrieval quizzes and exams (Table 2) , and participants did not receive any feedback pertaining to the retrieval quizzes (e.g., the correct answers to the questions, their quiz scores, etc.). Since the participants in the retrieval groups had no incentive to either correct their retrieval quiz answers or to prepare for the final retention test (see the pertinent description in METHODS), it is likely that much of their superior performance on the final retention test was not due to simple repetition. It is also worth pointing out that a number of studies (3, 19 -21) have demonstrated that retrieval practice increases the ability to both apply information in different ways and to transfer information to different types of problems. For example, McDaniel et al. (20) demonstrated that learning from retrieval quizzes that were composed of multiple-choice questions facilitated greater performance on short-answer exams compared with learning from studying (i.e., reading). That said, the benefits of retrieval practice are known to be even greater when retrieval is prompted by short-answer questions and/or is immediately followed by feedback (22) . It would therefore be interesting to know how retention resulting from the spacing protocol used in this study would differ if the retrieval quizzes included shortanswer questions and/or feedback.
In terms of the comparison between the expanding and uniform groups, the statistical similarities in their retrieval quiz and posttest scores conflicts with some of the author's previous findings (8) , but they appear to support the numerous other studies (2, 4, 5, 11, 13, 16 ) that also found no differences between the two types of spacing. However, it should be noted that the pattern of expanding retrieval followed in this study was not characteristic and was unlike that used in almost all : F ϭ 52.08, P ϭ 0.00; E3-PT3 5 wk : F ϭ 88.89, P ϭ 0.00; E4-PT4 2 wk : F ϭ 46.55, P ϭ 0.00; and E total -PT total : F ϭ 534.2, P ϭ 0.00).
previous investigations of the practice. One of the features that typically distinguishes expanding from uniform retrieval practice is that the first retrieval event occurs relatively soon (e.g., immediately) after the initial learning. It is therefore important to emphasize that all four of the initial exam subset retrieval quizzes completed by the expanding group were delayed far (i.e., up to 1 wk) longer would be expected, that is, the expanding and uniform groups' initial retrieval delays were all standardized by setting them to a length that corresponded to a uniform schedule of spacing. This is in contrast to the previous similar investigation by the author (8) , in which those delays were standardized by setting them to a length that corresponded to an expanding schedule of spacing. In the latter study, the most effective strategy was an expanding schedule with a minimal initial retrieval delay followed by both expanding and uniform schedules with a 1-day initial delay and the least effective strategy was the more typical pattern of uniform schedule with a 1-wk initial delay. According to that trend, it is possible that the extensive initial retrieval delay used in the present study may have nullified any potential advantage with the expanding schedule of spacing. However, the more evident conclusion that can be drawn from these two studies by the author is that, if there really is any advantage to expanding versus uniform schedules after the initial retrieval event, it is likely small.
The present and previous (8) studies by the author do clearly reinforce a growing body of evidence (11, 13, 18) that indicates the length of the initial retrieval delay is both a major determinant of the success of retrieval practice and a key to any potential differences between expanding and uniform schedules of spacing. Despite that strong empirical support, the exact nature of the relationship between the initial delay and the success of the retrieval strategy remains controversial. For example, Karpicke and Roediger (11, 13) found that increases in the initial retrieval delay, at least to a point, were required to optimize retention with retrieval practice, whereas Maddox et al. (18) found that shorter initial delays enhanced retention. Among the three previous studies that have examined retrieval events that were spread out over the course of days or longer, Cull (5) found a retention advantage with a longer initial delay (i.e., with uniform spacing), whereas the two previous studies by the author (7, 8) found the opposite. Thus, it is clear that additional research is needed to elucidate the ideal initial retrieval delay and/or the conditions that determine an ideal delay.
In conclusion, the major finding of this investigation was that retrieval practice was a highly efficient and effective method of enhancing the retention of previously tested A&P material. This study is among the first to demonstrate the benefits of retrieval practice in a class and with actual course content, and it was the first such study to provide evidence of an advantage to using multiple widely spaced retrieval events. Future pertinent studies should investigate the extent of the benefit associated with providing feedback after retrieval and using short-answer questions to both prompt retrieval and measure retention. Future studies should also elucidate the impact to overall course performance by examining the costto-benefit effects of using retrieval assessments to help prepare for course exams. That said, and considering both the compelling evidence collected from previous investigations and the trends indicated on the posttest in this study, it seems very likely that retrieval practice would indeed efficiently and effectively enhance exam preparation and thus course performance. The methods used in this study could provide a model for instructors to use to develop their own retrieval practice strategies. One such strategy might be to identify key concepts from each course lecture or reading assignment, develop a series of brief questions to prompt the retrieval of that information, and then compile those questions into a formative (e.g., low stakes) assessment. The assessment would then be administered, perhaps automatically using a course management system to spare course meeting time, first immediately after learning has occurred and then repeatedly (e.g., 1-3 more times) in a widely spaced manner leading up to a pertinent summative exam.
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